Abstract. The purpose of this article is to report a study aimed at systematic assessment of the functionality of commercially available software for the automatic generation of area cartograms. The issue of the wide choice of algorithms developed over the years for generating various types of surfaces has also been raised.
Cartograms
Cartograms are maps where depending on the value of the phenomenon, the surface of the particular spatial units (area cartograms sometimes called value-by-area maps) or a distance between a chosen point and selected focal points (distance cartograms) is changed (A. Faliszewska 2011) . In the first case the surface area is adjusted to the value of the phenomenon inherent in the unit. In the second case, e.g. time or travel cost can be used as a measure of the distance between the points (B. Dent, J.S. Torguson, T.W. Hodler 2009). With the use of the area cartograms, among others the worlds population by the countries can be presented. On such map, each country will have an area proportional to the number of people ( fig. 1 ). On the other hand the distance cartogram is a good way to present the travel time from the center to the suburbs of London by the underground (fig. 2) .
The authors of this article present the ways of cartograms elaboration, available algorithms used for development of this type of cartograms and the software used for this purpose. The distance cartograms are not the subject of interest of this article.
The advantage of the area cartograms is a possibility of presenting two types of dataabsolute and relative -simultaneously. The absolute data (e.g. the harvest of grain in quintals) is presented as an areaof the unit and the particular indicator is presented with the color filling ( e.g. number of tractors per 1 ha of crops). It is important to remember about the logical connection of phenomena presented on choropleth map and area cartogram (A. Michalski 2003) .
Depending on the shape of the primary field, area cartograms can be divided into three types (A. Markowska 2014, fig. 3 ):
• proportional symbol cartograms ( fig. 3A ), were the original shapes of mapping units have been replaced with simple geometric shapes such as squares, rectangles or circles (for example, Dorling Circle Cartograms, square cartogram);
• continuous regular cartograms ( fig. 3B ), where the shapes of areal units on the map resemble the actual shapes of the mapped units but their boundaries have been geometrized to consist of perpendicular sections;
• continuous irregular cartograms ( fig. 3C ), where the shapes of areal units on the map resemble the actual shapes of the mapped units but unit boundaries are not straight lines.
Area cartograms can also be constructed to preserve spatial contiguity -continuous cartograms or not -noncontinuous cartograms (W. Żyszkowska, W. Spallek, D. Borowicz 2012). More specifically noncontinuous cartogram is a kind of cartogram where in order to maintain the full shape of particular units it is necessary to separate the units. For example in order to maintain the shape of all Polish voivodships, they need to be separated, spread apart and their surface should be adjusted to the value of the phenomenon. Reference fields in noncontinuous cartogram may overlap ( fig. 4A ) or be mutually exclusive ( fig. 4B ).
Rules of cartograms development
Area cartograms are a specific form of cartographic presentation, which is often a modification of thematic maps developed with the method of circle maps or choropleth maps (R. Szura 1989) . Additionally it is a form of presentation that requires many mathematical calculations and attempts to adjust the surface to the value of the presented phenomenon. Therefore for a better, i.e. faster, visually and essentially correct development of cartograms, various algorithm were developed. The multitude of used algorithms is associated with various problems encountered during the development of cartograms. The most important problems related to development of area cartograms are (M.T. Gastner, M.E.J. Newman 2004):
-keeping proportional surface and shape of the individual units -the proportionality of the unit surface to the value of phenomenon and maintaining their original shape is associated with loosing the continuity of presentation and with violation of the spatial relations (neighborhood); -failure to keep the shape of units and the whole area -in most cases the area cartograms does not keep the shape of the whole area and the individual units, -units overlap each other or the lack of continuity of spatial presentation -during generating the cartograms, some units can overlap each other or looses the spatial continuity in solutions where the continuity should be maintained.
During the development of the area cartogram, it is necessary to transform the input (base) map into a new map: r à T(r). This can With the assumption that the average intensity of the phenomenon on a particular area does not change, it is possible to maintain the total area i.e. after the transition to the cartogram, the general total area will not change.
This formula is insufficient for developing the cartogram presentations. Introduction of the second assumption is necessary. Depending on the additional assumption, various algorithms are used to generate the area cartograms. A part of them maintains the shape of individual units (Noncontinuous Area Cartogram), other use proximity and relative position of the individual units (Diffusion-based Method).
The discussed algorithms are used in computer software. The list of available algorithms used in development of area cartograms is available in table 1 (http://en.wikipedia.org/ wiki/Cartogram, access 22.02.2015). They are arranged according to the year of development.
The table consists the information on the author, year, name of the algorithm, type of cartogram and the possibilities of maintaining the units shape.
The most popular and mostly used algorithms according to W. Tobler (2004) 
Development of cartograms in GIS
On the market there is a large group of software, application or GIS tools, that are used in development of area cartograms (D. House, C. Kocmound, 1998) . For the need of the research programs, with the easiest access for the users, were chosen: -Open GeoDa 1.6.6., -MapViewer 7 (demo), -Cartogram Utility tool, that can be used in ArcGIS (Cartogram Utility for ArcGIS), -Scape Toad, -MAPresso. The above presented software is free (in case of ArcGIS only the tool is free, but the demo or student version of the software can be used).
This software can be divided into two groups: -applications written especially for cartograms development (MAPresso, Scape Toad), -overlays or tools for more complex software (Cartogram Utility tools adjusted to ArcGIS software, functions within MapViewer7 -Cartogram Map and Open GeoDa -Cartogram) .
This software can also be categorized by the type of cartogram generated from the particular program (A. Faliszewska 2011) . This gives the possibility to distinguish the software developing Dorling Circle Cartogram, noncontinuous ucsb.edu/projects/Cartogram_Central/types.html For the need of the research the area cartograms of Poland with divisions to voivodeships, were developed, their base was the number of votes for the both candidates in particular voivodship and the map of Mazovia, where the number of valid votes cast for each candidate in a particular county. Maps presented on figure 5 regard the whole Poland divided into voivodeships, and the presented phenomena is the number of valid votes cast for both candidates:
-Open GeoDa 1.6.6. - fig. 5A , -MapViewer 7 (demo) - fig. 5B and fig. 5C , -Cartogram Utility for ArcGIS - fig. 5D , -Scape Toad - fig. 5E , -MAPresso - fig. 5F . If the software gave the possibility, the surface of individual units were coloured according to the attendance during the presidential elections (figs. 5D and 5F).
In the majority of software used to generate the maps the .shp files were necessary. According to that the used data come from the following website http://gadm.org/countryres. That was the contour of Poland divided into voivodeships, and the contour of Mazovia divided into counties. It was impossible to use the Polish data (BDO), because some software are not able to read it. It was related with the use of incompatible with the software settings, Polish coordinates system PUWG 1992 in BDO. The chosen software is foreign, therefore the data in the Polish reference systems are sometimes impossible to read. The problems occurred in Open GeoDa -after entering the Polish data the software stopped working. The second problem occurred with ArcGIS. It was possible to add the "Cartogram" tool, load data from the BDO, but after running the tool it was impossible to use this data -the cartogram was not generated. The generalization of units boundaries was not performed while it was no the subject of further research.
Evaluation of software used for developing area cartograms
Chosen software used for development of area cartograms have been a subject of deep evaluation, that was performed in line with the following points. To compare the software the technical abilities of the software were considered (such as a possibility of saving the developed map or export of data in a vector format) and the essential correctness of developed cartograms (e.g. legend). The software were evaluated in eleven aspects according to the following scoring:
• 0 -there is not such possibility, • 0.25 -there is a possibility of performing the operations, but it can be methodically incorrect (e.g. legend for choropleth presentation),
• 1 -there is a possibility methodically fully correct.
In some cases different scoring was used e.g. in the question on the number of cartogram types possible to develop using the software. All information on scoring are included on subsequent questions. Questions for software assessment:
How many types of cartograms can be developed with the use software?
32
• for each type, one point was assigned (1 point) Is it possible to display the cartogram legend?
• if no -0 pts., • if yes, but it is improperly developed-0.25 pts., • if it is possible to display the properly developed legend -1 point Is it possible to present an additional information on choropleth map?
• if no -0 pts., • if yes but not directly, but after exporting to another software (developed cartogram exported in a vector format to another software is used) -0.5 pts.,
• if development of correct cartogram is possible -1 point Is it possible to develop a correct choropleth map legend?
• if no -0 pts., • if yes, but it is improperly developed -0.25 pts.,
• if a properly developed legend is displayed -1 point Is it possible to save and export developed cartogram?
• if no -0 pts.,
• if yes -1 point Is it possible to export developed cartogram in a vector form
• if yes -1 point Is it possible to turn on the separate spatial units labelling?
• if yes -1 point Is it possible to use the General Geographic Database (BDO) ?
• if no -0 pts., • if yes -1 point Is it possible to use data: points, lines, polygons?
• for each data type 0.5 point is assigned Is support to the software available?
• if no -0 pts., • if yes, but it is available online or to download in a form of an additional file -0.5 pts.,
• if yes and it is built into the software or can be downloaded with the software -1 point Is the user able to intervene in the settings of process of cartogram generating?
• if no -0 pts., • if yes but only partially (few options e.g. Number of grid cells, used to generate cartogram) -0.5 pts.,
• if yes -1 point. Question no. 1 evaluated the number of cartograms types that can be developed by each software. In the most types of software only one type of cartogram can be developed. Only in MapViewer 7 two types can be developed (Dorling Circle Cartogram and noncontinuous irregular cartogram).
The second question regarded the possibility of cartogram legend development. Only in Scape Toad the essentially proper legend. Therefore only this software received one point. MapViewer received a quarter of point, while the legend can be developed but it is not essentially correct.
The third question was associated with the possibility of choropleth map development. In this case, the maximum number of points was assigned to a software in which the choropleth map could be developed and colour the map units. Such action was possible only in two types of software: Cartogram Utility (ArcGIS) and MAPresso (1 point). The Scape Toad 0,5 point was assigned while after exporting the developed cartogram in a vector format, the choropleth map can be developed with the use of another GIS software.
The fourth question was also related to choropleth map, it regarded the possibility of development the choropleth legend. Only Cartogram Utility for ArcGIS software received one point. In MAPresso the legend can be developed but it is not correct -despite the use of noncontinuous choropleth map, the legend of continuous choropleth map was used.
The fifth and sixth questions are related to the possibilities of saving and exporting (especially in the vector format) the developed cartogram. It seems that these are two very important software options, while they allow for map edition and analysis. The most possibilities related to saving and exporting the map give Cartogram Utility for ArcGIS and Scape Toad (both received one point in each of two questions).
A very important ability of the software used for cartograms development is adding toponyms on maps, and especially names of reference units. The particular cartogram units have modified surfaces and shapes in relation to the geographical image of the unit. Also the shape and the range of the whole area is changed (e.g. loss of spatial continuity). Therefore the labelling function improves the readability of the map. Only Scape Toad does not have this function.
In the eight question the ability to use the Polish General Geographic Database (BDO) in each software type, was examined. Unfortunately only in MapViewer 7 (demo) and Scape Toad BDO can be used. In other there is an incompatibility between BDO and the software coordinate systems.
The next question regarding databases used in software, was related with the spatial reference data -points, lines, polygons. Polygons can be used in all types of software, but only Car- A very important information was a possibility to use software support. It is also important if the help is built in the software or, e.g. possible to download from the website. In the question "Is support to the software available?" the affirmative answer appeared with all programs but only Cartogram Utility for ArcGIS and MapViewer 7 provide this support in .pdf file, that can be downloaded with the software (Cartogram Utility) or built in the software (MapViewer 7). Therefore only these two tools received one point each. In other cases the help is available online.
For the software user also the possibility of interference in parameters in the process of generating cartogram, is important. Scape Toad give the widest range of possibilities, where all options related to the modification of base map can be set manually.
Conclusions
The results summarized in table 3 show, that the software that meets the best the assumed criteria is the tool to ArcGIS (Cartogram Utility) package, that received 9 points. On the second place the Scape Toad (7.5 pts.) application was ranked and on the third -MapViewer 7 (6.25 pts.).
The difference between the first two is not large. Therefore it is worth to consider if the Cartogram Utility for ArcGIS is more useful to develop the area cartogram. It seems that the use of the Scape Toad software in cartograms development for the area of Poland is more convenient than with Cartogram Utility for ArcGIS due to the possibility to use the data from the Polish General Geographic Database (BDO). The assessment of the developed map is also possible. Scape Toad is a separate software and does not require the purchase the expensive ArcGIS package.
While developing the area cartograms with the use of available GIS software it is important to pay attention for the received maps. It is worth to look at the cartograms presented on the figure 6, they both consider the same phenomenon, that is the number of valid votes delivered during the presidential elections in 2010. To present this data two reference systems were used -for the first one is WGS-84 system and for the second the Polish Geographic Coordinates System 1992 (PUWG 1992) .
It may be noted that the shape of Poland on the first map is strongly latitudinally stretched, especially in comparison with the shape of Poland from the second map. It is related to the used reference system. Such shape is not correct, therefore it is better to use the Polish reference systems, e.g. "1992", while developing the cartograms of Poland. Unfortunately not all software used to generate area cartograms can import the Polish geographical coordinates systems. With the lack of possibility to import the own reference systems, after developing the map in a chosen software, the data can be exported in the .shp format, and next upload received file to another GIS program, that enables the change of reference system. It is also possible to improve the shape without GIS software, but with the use of graphic software, but such procedure is less precise.
Thanks to the presented in the article analysis and evaluation of software used for automatic development of area cartograms, it can be noted that many interesting solutions of this type is available. Before choosing the software it needs to be considered, for what purpose the cartogram will be used and if the map will be develop with the use of one software and if there are the possibilities of graphical and methodical improvement of maps in other programs, graphic as well as GIS software.
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